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VO (54) Title: AEROSOL CONTAINER FOR FORMULATIONS OF SALMETEROL XINAFOATE 
ON 

00 

(57) Abstract: The invention relates inter alia to a container sealed with a valve, which contains a pharmaceutical aerosol formula- 
tion comprising (A) particulate salmeterol xinafoate in suspension in (B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptaflu- 
oro-n-propane or 1,1,1,2-tetrafluoroethane and mixtures thereof; said container characterised in that the formulation is substantially 
anhydrous and remains so over a period of 12 months when stored at 25 °C and at relative humidity of 60 %. Preferably the valve 
is characterised in that it contains one or more valve seals substantially constructed from a polymer of ethylene propylene diene 
monomer (EPDM). 
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Aerosol Container for Formulations of Salmeterol Xlnafoate 

The present invention relates to novel containers for pharmaceutical aerosol formulations for 
the administration of salmeterol xinafoate by the pulmonary route and to a process for their pre- 
5 paration. 

The use of aerosols for the administration of medicaments by the peripheral aerial pathways 
has been known for several decades. Such aerosols generally contain the therapeutic agent, one 
or more adjuvants such as solvents or surfactants and one or more propellants. 

The most commonly used propellants in the past were chlorofiuorocarbons, such as CCI 3 F 
1 0 (Freon® 1 1), CCI 2 F 2 (Freon® 12) or CF 2 CICF 2 CI (Freon® 1 14). However, the recent phasing out 
of these propellant gases due to their harmful effect on the ozone layer has caused 
manufacturers of aerosol sprays to use new propellant gases which protect stratospheric ozone. 

Such "ozone-friendly" gases, also known as green gases, for example encompass 
perfluorocarbons, hydrogen-containing chlorofiuorocarbons and hydrogen-containing fluorocar- 
15 bons such as hydrofluoroalkanes (HFA's) especially 1,1,1,2-tetrafluoroethane (HFA1 34a), 
1,1,1,2,3,3,3-heptafluoro-n-propane (HFA227) and mixtures thereof. 

Containers for aerosol formulations commonly comprise a vial body (canister) coupled to a 
valve. The valve comprises a valve stem through which the formulations are dispensed. 
Generally the valve includes a rubber stem seal intended to allow reciprocal movement of the 
20 valve stem which prevents leakage of propellant from the container. Metered dose inhalers 
comprise a valve which is designed to deliver a metered amount of an aerosol formulation, to the 
recipient, per actuation. Such a metering valve generally comprises a metering chamber which is 
of a set volume which aims to administer per actuation an accurate, predetermined dose. 

Metering valves incorporate gaskets (also known as seals) to prevent leakage of propellant 
25 through the valve. The gaskets may comprise suitable elastomeric material such as for example 
low density polyethylene, chlorobutyl, black and white butadiene-acrylonitrile rubbers, butyl rubber 
and neoprene. 

Valves for use in MDIs are available from manufacturers well known in the aerosol industry. 
The metering valves are used in association with commercially available canisters, for example 
30 metal canisters, such as aluminium canisters, suitable for delivering pharmaceutical aerosol 
formulations. 

A specific group of therapeutic agents administered by the pulmonary route are antiasthmatics 
including bronchodilators and antiinflammatories of steroid type having a local therapeutic action 
in the lungs and/or a systemic therapeutic action after absorption in the blood. 4-Hydroxy-a 1 -[[[6- 
35 (4-phenylbutoxy)hexyl] amino]methyl]-1,3-benzenedimethanol was described as one of a wide 
range of bronchodilators in GB-A-21 40800. This compound is also known by the generic name 
of salmeterol, the xinafoate salt of which has become widely known as a highly effective 
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treatment of inflammatory diseases, such as asthma and chronic obstructive pulmonary disease 
(COPD). 

For medicaments such as salmeterol xinafoate, the replacement of the usual chlorofluorocar- 
bon propellants by the novel propellants which protect the ozone layer can be accompanied by 
5 problems of stability of the suspensions. This is because the change in the polarity of the propel- 
lant sometimes results in a partial solubility of salmeterol xinafoate in the liquefied gas. This 
partial solubility may lead to an undesirable increase in the size of the particles during storage 

0 

and/or the formation of aggregates. Formulations of salmeterol xinafoate in a hydrofluoroalkane 
(HFA) propellant are known to be susceptible to absorption of the drug into the rubber 

1 0 components of the valves of the administration device. This may then cause: the valves to seize 
(in extreme cases), a reduction of fine particle mass and/or the aggregates of particles which will 
penetrate less well into the fine lower respiratory pathways, subsequently causing problems with 
dose uniformity which becomes particularly acute over increasing numbers of actuations. 

The problems mentioned above have been addressed by the addition of one or more of 

1 5 adjuvants such as alcohols, alkanes, dimethyl ether, surfactants (including fluorinated and non- 
fluorinated surfactants, carboxylic acids, polyethoxylates etc) and even conventional 
chiorofluorocarbon propellants in small amounts intended to minimise potential ozone damage as 
disclosed in, for example, EP0372777, WO91/Q4011, W091/11173, W091/11495 and 
W091/14422. 

20 Excipient free formulations of salmeterol xinafoate are described in W093/1 1 743. 

Furthermore, W096/32345, W096/32151, WO96/32150 and WO96/32099 disclose aerosol 
canisters coated with one or more fluorocarbon polymers optionally in combination with one or 
more non-fluorocarbon polymers which reduces the deposition on the canister walls of drug 
particles of the pharmaceutical alternative propellant aerosol formulation contained therein. 

25 It is essential that the prescribed dose of aerosol medication delivered from MDIs to the 

patient consistently meet the specifications claimed by the manufacturer and comply with the 
requirements of the FDA and other regulatory authorities. That is, every dose delivered from the 

canister must be the same within close tolerances. Therefore it is important that the formulation 

* 

be substantially homogeneous throughout the delivery of the contents of the canister. It is also 
30 important that the concentration of the suspension does not change significantly when stored for 
a prolonged period. 

To obtain regulatory approval pharmaceutical aerosol formulation products must meet strict 
specifications. One parameter for which a specification is usually set is the fine particle mass 
(FPM). This is a means of evaluating the amount of drug substance which has the potential to 
35 reach the inner lungs, i.e. the small bronchioles and alveoli, based on the amount of drug 
particles with a diameter within a certain range, usually less than 5 microns. 
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The FPM of an actuation from an MD) can be calculated based on, for example, the sum of 
the amount of drug substance deposited on stages 3, 4 and 5 of an Andersen Cascade Impaction 
stack as determined by standard HPLC analysis. 

It is important that the FPM of the pharmaceutical aerosol formulation, for all the doses 
5 dispensed from the MDI ( is within the specification set, even after the MDI has been stored for a 
prolonged period. 

Whilst not wishing to be bound by any theories it is hypothesised by the inventors that the 
adsorption of drug into the rubber components of the valve and/or the reduction of FPM on 
storage may be accelerated by the ingression of water into the formulation over time. 
10 This hypothesis has been supported by studies employing salmeterol xinafoate HFA 134a 

aerosol formulations in conventional MDIs stored at 40°C and 75% relative humidity (RH) and 
40°C and 20% relative humidity as shown in Table 1. 

Furthermore evidence indicates that the FPM and mean dose of salmeterol xinafoate HFA 
134a formulations decreases over time with the ingression of water into the formulation and/or 
1 5 absorption resulting in impaired performance of the MDI. 

The effect on FPM of salmeterol xinafoate HFA 134a aerosol formulations in conventional 

■ 

MDIs stored at 40°C and 75% relative humidity is shown in Table 2. Table 3 shows a noticeable 
decrease over time in the mean dose delivered from a conventional MDI when stored at 40°C 
and 75% relative humidity. 

20 We have now discovered that it is possible to significantly improve the stability of 

suspensions of salmeterol xinafoate in the propellant by careful control of the water content of the 
formulation. More particularly we have found that salmeterol xinafoate formulations show 
undesirable particle size growth and/or containers containing them exhibit undesirable deposition 
of drug on their internal surfaces. This is demonstrated by a drop in the FPM of the formulation 

25 when tested using an Andersen Cascade Impactor when the water content of the formulation 
exceeds approximately 200 ppm for a significant length of time. However, if the water content of 
the formulation is kept below this level said formulations may be stable for many months and this 
makes it possible to deliver drug particles having sizes which are sufficiently small to penetrate 
into the respiratory pathways and be therapeutically useful. 

30 The present invention thus provides a container sealed with a valve which contains a pharma- 

ceutical aerosol formulation comprising 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellant gas which is 1,1,1 ,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 
tetrafluoroethane and mixtures thereof; 

35 said container characterised in that the formulation is substantially anhydrous and remains so 
over a period of 12 months when stored at 25°C and at relative humidity of 60%. 

Storage will preferably be storage with the canister in an inverted orientation (i.e. valve down). 
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It will be understood from use of the expression "substantially anhydrous" that preferably the 
water content of the formulation is less than 200ppm w/w, particularly less than 150ppm w/w 
more particularly less than 100ppm w/w. 

Water content refers to total water content of the formulation including free water and any 
5 water of crystallisation that may be associated with the salmeterol xinafoate. 

The water content of the formulation may be determined by conventional Karl Fischer 
methodology. Typically this involves measuring the total water content of the formulation ex- 
valve using Couliometric titration. 

Preferably the formulation remains substantially anhydrous for a period of 15 months, 
10 particularly 18 months, especially 24 months when stored at 25°C and at relative humidity of 
60%. 

It is especially preferred that the above mentioned limits of water content are maintained 
under storage conditions of 40°C and 75 % relative humidity. 

Preferably the FPM of the formulation does not reduce by more than 15% when stored at 25°C 
15 and at relative humidity of 60% for a period of 12 months. More preferably the FPM of the' 
formulation does not reduce by more than 10%, especially not more than 5%, when stored at 
30°C and at relative humidity of 60% for a period of 6 months, preferably 18 months, most 
preferably 24 months. 

Especially preferred according to the present invention is a container sealed with a valve 
20 which contains a pharmaceutical aerosol formulation consisting essentially of 

(A) particulate salmeterol xinafoate optionally in combination with another particulate 
active ingredient as medicament in suspension in 

(B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 
tetrafluoroethane and mixtures thereof; 

25 said container characterised in that the formulation is substantially anhydrous and remains so 
over a period of 12 months when stored at 25°C and at relative humidity of 60%. 

Most preferably the formulation contains salmeterol xinafoate as the sole medicament 
The container typically comprises a metal canister. Canisters may, for example, be made of 
aluminium or an alloy thereof and may optionally be plastics coated, lacquer coated or anodised. 
30 Preferably the canister is surface treated so as to present a substantially fluorinated surface to 

the formulation contained therein, for example, the canisters are preferably coated on their 
internal surfaces with a fluorinated polymer coating as described in W096/32151 (a fluorocarbon 
polymer optionally in combination with a non-fluorocarbon polymer), such as, a polymer blend of 
polyethersulphone (PES) and polytetrafluoroethylene (PTFE). Another polymer for coating that 
35 may be contemplated is FEP (fluorinated ethylene propylene). 

Canisters which are strengthened by use of side walls and base of increased thickness and/or 
incorporate a substantially ellipsoidal base (which increased the angle between the side wails and 
the base canister) are advantageous for some purposes, most especially when the canister is 
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coated and is exposed to stressful coating and curing conditions (e.g. high temperatures), since it 
is less susceptible to deformation. 

Generally the container comprises a canister sealed with a valve. The valve is sealed to the 
canister by means of a gasket seal (also known as a can seal). 
5 The valve typically comprises a valve body having an inlet port through which the 

pharmaceutical aerosol formulation may enter said valve body, an outlet port (or orifice) through 
which the pharmaceutical aerosol may exit the valve body and an open/close mechanism by 
means of which flow through said outlet port is controllable. 

In one aspect the valve is a slide valve wherein the open/close mechanism comprises a lower 

1 0 stem seal and receivable by said seal a valve stem having a dispensing passage, said valve stem 
being slidably movable within the seal from a valve-closed to a valve-open position in which the 
interior of the valve body is in communication with the exterior of the valve body via said passage. 

Preferably the slide valve is a metering valve. The metering volume is, for example 20 to 
100nl typically from 50 to 100^1, such as 50^1 or 63jil. Suitably, the valve body defines a metering 

1 5 chamber for metering an amount of medicament formulation and an open/close mechanism by 
means of which the flow through the inlet port (or orifice) to said metering chamber is controllable. 
Preferably, the valve body has a sampling chamber in communication with the metering chamber 
via a second inlet port (or orifice), said inlet port being controllable by means of an open/close 
mechanism thereby regulating the flow of medicament formulation into the metering chamber. 

20 In a preferred aspect, an example of which is shown in Figure 1, the valve is a metering valve 

in which the valve body (1) has a metering chamber (4), a sampling chamber (5) and 
therebetween an upper stem seal (12) within which the stem is slidably movable, the valve stem 
having an axial transfer passage (15) such that in the valve-closed position the dispensing 
, passage is isolated from the metering chamber (4) and the metering chamber is in 

25 communication with the sampling chamber (5) via said transfer passage, and in the valve-open 
position the dispensing passage (10), which is slidably movable through the lower stem seal (9), 
is in communication with the metering chamber and the transfer passage is isolated from the 
sampling chamber. 

The stem seal(s) may be formed by cutting a ring from a sheet of suitable material. 
30 Alternatively, the stem seal(s) may be formed by a moulding process such as an injection 
moulding, compression moulding or transfer moulding process. 

Preferably the lower stem seal and/or upper stem seal comprises an elastomeric material. 
The ring is typically resiliently deformable. 

Valve seal when used in this specification may refer to one or more of the following, the upper 
35 and lower stem seals (also known as metering chamber seals) and the gasket seal. 

The elastomeric material may either comprise a thermoplastic elastomer (TPE) or a thermoset 
elastomer which may optionally be cross-linked. The stem seals may also comprise a 
thermoplastic elastomer blend or alloy in which an elastomeric material is dispersed in a 
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thermoplastic matrix. The elastomers may optionally additionally contain conventional polymer 
additives such as processing aids, colorants, tackifiers, lubricants, silica, talc, or processing oils 
such as mineral oil in suitable amounts. 

Suitable thermoset rubbers include butyl rubbers, chloro-butyl rubbers, bromo-butyl rubbers, 
5 nitrile rubbers, silicone rubbers, fluorosilicone rubbers, fluorocarbon rubbers, polysulphide 
rubbers, polypropylene oxide rubbers, isoprene rubbers, isoprene-tsobutene rubbers, isobutylene 
rubbers or neoprene (polychloroprene) rubbers. 

Suitable thermoplastic elastomers comprise a copolymer of about 80 to about 95 mole percent 
ethylene and a total of about 5 to about 20 mole percent of one or more comonomers selected 
10 from the group consisting of 1-butene, 1-hexene, and 1-octene as known in the art. Two or more 
such copolymers may be blended together to form a thermoplastic polymer blend. 

Another suitable class of thermoplastic elastomers are the styrene-ethylene/ butylene-styrene 
block copolymers. These copolymers may additionally comprise a polyolefin (e.g. polypropylene) 
and a siloxane. 

15 Thermoplastic elastomeric material may also be selected from one or more of the following: 

polyester rubbers, polyurethane rubbers, ethylene vinyl acetate rubber, styrene butadiene rubber, 
copolyether ester TPE, olefinic TPE, polyester amide TPE and polyether amide TPE. Example 
TPE materials are described in W092/1 1 190. 

Other particularly suitable elastomers include ethylene propylene diene rubber (EPDM) e.g. as 

20 described in WO95/02651 . 

Any parts of the valve which are in contact the pharmaceutical aerosol suspension may be 
coated with materials such as fluoropolymer materials which reduce the tendency of medicament 
to adhere thereto. Suitable fluoropolymers include polytetrafluoroethylene (PTFE), fluoroethylene 
propylene (FEP) and blends of PTFE and polyethersulphone (PES). Any movable parts may also 

25 have coatings applied thereto which enhance their desired movement characteristics. Frictional 
coatings may therefore be applied to enhance frictional contact and lubricants used to reduce 
frictional contact as necessary. 

Particularly suitable materials for use in manufacture of the metering chamber include 
polyesters e.g. polybutyleneterephthalate (PBT) , acetals (e.g. polyoxymetheylene), and 

30 polyamides (e.g. nylon) especially PBT and nylon, particularly nylon. Metering chambers may 
also be made of metal (e.g. stainless steel). 

Materials for manufacture of the metering chamber and/or the valve stem may also desirably 
be fluorinated, partially fluorinated or impregnated with fluorine containing substances in order to 
resist drug deposition. 

35 Preferably, the lower stem seal and/or the upper stem seal additionally comprises lubricant 

material. Suitably, the lower stem seal and/or the upper stem seal comprises up to 30%, 
preferably from 5 to 20% lubricant material. 
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The term lubricant' herein means any material which reduces friction between the valve stem 
and seal. Suitable lubricants include silicone oil, a fluorocarbon polymer such as PTFE or FEP, 
or a siloxane such as dimethyl siloxane. 

Lubricant can be applied to the stem, lower stem seal or upper stem seal by any suitable 
5 process including coating and impregnation, such as by injection or by a tamponage process 
employing an oil reservoir. 

Suitable valves are commercially available, for example from Valois SA, France (e.g. DF10, 
DF30, DF60), Bespak Pic, UK (e.g. BK300, BK356, BK357) and 3M-Neotechnic Ltd UK (e.g. 
Spraymiser (trade name)). 

1 0 Typically the valve is sealed to the can by means of a gasket seal. Materials suitable for use 

in the gasket seal include the elastomeric materials mentioned above as suitable for the lower 

stem seal and/or the upper stem seal. 

Valves which are entirely or substantially composed of metal (e.g. stainless steel) 

components, save for the seals, (e.g. Spraymiser, 3M-Neotechnic) are especially preferred for 
15 use according to the invention. Furthermore valves which are partially metal are within.the scope 

of the invention. 

In order to maintain the substantially anhydrous nature of the formulations used according to 
the invention we have found that it is particularly advantageous to incorporate moisture absorbing 
means into the formulation or into the container. 
20 According to one preferred embodiment of the invention there is provided a container sealed 

with a valve which contains a pharmaceutical aerosol formulation comprising 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 

tetrafluoroethane and mixtures thereof; 
25 said container sealed with a valve further comprising moisture absorbing means. 

Such formulations are characterised in that they are substantially anhydrous and remain so 
over a period of 12 months or more. 

The moisture absorbing means will generally comprise a desiccant material. 
Table A shows that canisters incorporating desiccant means containing HFA 134a have a 
30 lower moisture content initially and significantly reduced moisture ingression over a period of 4 
weeks, when stored at 40°C and 75%RH, in comparison to control (conventional) canisters not 
incorporating desiccant means. 

According to one aspect of this embodiment, the desiccant material is contained within the 
canister. Preferably the desiccant material will be particulate and particles are of a size which are 
35 not inhaled into the lung, having a mean size (e.g. mass median diameter MMD) of greater than 
100nm. According to another aspect of this embodiment, preferably the desiccant material is not 
able to pass through the valve (e.g. not ablfe to enter the metering chamber of the valve), for 
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example by virtue of its size. In one example of this arrangement, the desiccant is present in the 
container as a tablet or bead. In an alternative aspect the desiccant material is not able to pass 
through the valve because it is attached to the canister. 

For the purposes of this patent application, desiccant material contained within the canister is 
5 not regarded as a component of the "formulation". 

Examples of desiccant materials suitable for use according to this aspect include nylon. 
Another example is silica gel. Other exemplary materials include inorganic materials such as 
zeolites, alumina, bauxite, anhydrous calcium sulphate, water absorbing clay, activated bentonite 
clay and a molecule sieve. When nylon is used it is preferably supplemented with use of another 
1 0 desiccant material having a higher water capacity (such as one of the inorganic materials just 
mentioned). 

The desiccant material should be present in sufficient quantity to absorb undesired moisture 
and will typically have a water absorption capacity of 20-50 weight percent. Typically 100^g to 
5g, for example 1mg to 5g, e.g. 100mg to SOOmg such as about 100mg to 250mg of desiccant 
1 5 should be adequate for a typical metered dose inhaler. 

According to a second preferred embodiment of the invention there is provided a container 
sealed with a valve which contains a pharmaceutical aerosol formulation comprising 

(A) particulate salmeterol xlnafoate in suspension in 

(B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 
20 tetrafluoroethane and mixtures thereof; 

characterised in that the container or valve is partially or wholly manufactured of or incorporates a 
desiccant material. 

Such formulations are also characterised in that they are substantially anhydrous and remain 
so over a period of 12 months or more when stored at 25°C and at a relative humidity of 60 %. 
25 Preferably the material from which the valve component is manufactured will be loaded with at 

least 5% of desiccant material, more preferably 10 to 80% desiccant material especially 20 to 
60% desiccant material One embodiment being acetal loaded with a desiccant which is a 
molecular sieve. 

Loading when used in this specification will be understood to include coating. However 
30 desiccant which is loaded may be adsorbed at least in part into the material the component is 
manufactured from. 

Preferably the desiccant material is incorporated within the valve rather than within the 
canister. 

When the valve is a metering valve comprising a valve body which defines a metering 
35 chamber, the desiccant material may, for example, be incorporated within the metering chamber 

■ 

of the valve. For example the metering chamber may be partially, or preferably, wholly 
manufactured of nylon which is a natural desiccant material. Alternatively the metering chamber 
may be coated with a desiccant material. 
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The desiccant material may instead (or in addition) be incorporated within one or more valve 
seals. As used herein, "valve seal" includes one or more of the following lower stem seal and/or 
upper stem seal and gasket seal employed in the valve for sealing purposes, generally composed 
of elastomeric materials. 

5 It is particularly preferred in this case that the valve seal in which the desiccant material is 

incorporated is one which is ordinarily in contact with the liquefied propellant gas, or its vapour. 

In a preferred aspect of this embodiment the valve is an tt all metal" valve (i.e. substantially 
consists of metal components (save for the seals) e.g. includes a metal metering chamber and a 
metal valve stem) and the desiccant material is incorporated into one or more seals. 

10 In conjunction with the desiccant an additional compound may be added to act as a 

conduit/channelling agent to increase/optimise the efficiency of the moisture absorption. Such 
materials may include compounds such as polyethylene glycols. 

The invention further comprises a container wherein the valve is characterised In that it 
contains one or more valve seals substantially constructed from a polymer of ethylene propylene 

15 diene monomer (EPDM). Preferably the valve is sealed to the can by means of a gasket seal 
substantially constructed from a polymer of EDPM. Equally preferably the metering chambers 
upper and lower stem seals are substantially constructed from a polymer of EPDM. Most 
preferably all the valve seals will be substantially constructed from a polymer of EPDM. 

The EPDM may be present on its own or present as part of a thermoplastic elastomer blend or 

20 alloy, e.g. in the form of particles substantially uniformly dispersed in a continuous thermoplastic 
matrix (e.g. polypropylene or polyethylene). Commercially available thermoplastic elastomer 
blend and alloys include the SANTOPRENE™ elastomers. Other suitable thermoplastic 
elastomer blends include butyl-polyethylene (e.g. in a ratio ranging between about 2:3 and about 
3:2) and butyl-polypropylene. 

4 

25 It seems that EDPM polymer has superior properties with respect to the control of water 

ingression into the pharmaceutical aerosol formulation containing hydrofluorocarbons. This is 
Illustrated in Table 2 which shows that salmeterol xinafoate HFA 134a formulations in MDIs with 
seals of EPDM polymer have a stable FPM and dose delivered at the beginning of use even 
when stored at 40°C and relative humidity 75% for up to 6 months and in Table 1 which shows 

30 that salmeterol xinafoate HFA 134a formulations in MDIs with seals of EPDM polymer have a 
stable total drug content (TDC) and unchanged physical appearance even when stored at 40°C 
and 75% relative humidity for up to 1 5 months. 

EPDM polymer when used as a gasket material in valves for use with formulations of 
salmeterol xinafoate in suspension in a HFA propellant appears to reduce deposition and/or 

35 adsorption of drug particles on said seal in comparison to those seals prepared from traditional 
materials. 

Furthermore EPDM polymer properties have been found to be superior to those materials 
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traditionally used with respect to the absorption of drug into rubber. Tables 1 and 2 show that 
canisters containing conventional nitrile rubber seals show declines in TDC, FPM and dose 
delivered with time when stored under conditions of high humidity. 

Table 3 gives mean dose data and range of dose data for beginning of use which further 
5 supports the improved stability of salmeterol xinafoate HFA 134a formulations wherein all the 
valve seals are composed of EPDM polymer relative to conventional nitrile rubbers. 

In addition it seems that the life span of the seals of EPDM polymer is longer than that of 
traditional seals as the material is more stable to the hydrofluorocarbon containing formulations 
and more resistant to degradation and/or distortion. Therefore the advantages of the EPDM 
10 polymer are enjoyed throughout the life of the product without the function of the device being 
impaired. 

EPDM polymer is available from a variety of suppliers including West and Parker Seals (USA). 
A gasket/seal substantially constructed from a polymer of EPDM when used in this 
specification will be understood to mean a seal composed of greater than 90% of EPDM polymer, 
1 5 particularly greater than 95% of EPDM polymer, especially greater than 99% of EPDM polymer. 

A further aspect of the invention provides a method of reducing drug deposition and/or 
adsorption onto valve components, in a container sealed with a valve containing a 
pharmaceutical aerosol formulation consisting essentially of particulate salmeterol xinafoate and 
a liquid propellant which is HFA 134a, HFA 227 or mixtures thereof, which comprises use of at 
20 least one valve seal substantially constructed from a polymer of EPDM. 

A further aspect of the invention is use of an EPDM polymer in the preparation of a valve seal 
which when used in conjunction with a valve and pharmaceutical aerosol formulation consisting 
essentially of particulate of salmeterol xinafoate and a liquid propellant which is HFA 134a, HFA 
227 or mixtures thereof provides the advantages described above. 
25 A further aspect of the invention is a container comprising a canister sealed with a valve which 

contains a pharmaceutical aerosol formulation consisting essentially of 

(A) particulate salmeterol xinafoate optionally in combination with another particulate 
medicament as active ingredient suspended in 

(B) a liquefied propellant gas comprising 1,1,1,2,3,3,3-heptafluoro-n-propane, 1,1,1,2- 
30 tetrafluoroethane and mixtures thereof; 

wherein the formulation is substantially free of surfactant and components having polarity higher 
than the liquefied propellant gas; and 

said valve characterised in that it contains one or more valve seals substantially constructed from 
a polymer of EPDM. 

35 Preferably the formulation contains salmeterol xinafoate as the sole medicament 

A particular aspect of the invention is a container as described above wherein the valve is 
sealed to the canister by means of a gasket seal which is substantially constructed from a 
polymer of EPDM. 
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Preferably the valve is a metering valve. 

Especially preferred is a container as described above wherein the metering valve comprises 
a metering chamber 4 defined by walls and an upper 12 and a lower 9 valve seal through which 
pass a valve stem 7,8 characterised in that said two seals are substantially constructed from a 
5 polymer of EPDM. 

Also especially preferred is a container as described above wherein the valve is sealed to the 
canister by means of a gasket seal 3 which is substantially constructed from EPDM polymer and 
wherein the lower 9 stem seal is substantially constructed from EPDM polymer. 

Most preferably all the valve seals in the said metering valve are substantially constructed 
1 0 from EPDM polymer. 

It will be understood that the salmeterol may be in the form of racemic material (as is 
preferred) or it may be enantiomerically enriched or purified as the R or S enantiomer. Amounts 
of salmeterol xinafoate quoted herein are for racemic salmeterol and it will be understood that for 
use of other than racemic salmeterol these amounts may be varied as appropriate. 
1 5 The salmeterol xinafoate particles of the aerosol formulations of the present invention should 

be of a size which allow them to be administered by inhalation. The particles must be sufficiently 
small, on the one hand, to penetrate into the pulmonary pathways without encountering obstacles 
and, on the other hand, they must have a sufficiently large size to deposit in the lung and not to 
be carried away by exhalation. The penetration of the salmeterol xinafoate particles as far as the 
20 pulmonary bronchioles and alveoli is generally only considered possible for particles having a 
mean size (e.g. MMD) of less than 20Mm, preferably of less than 5^m e.g. 1-5nm. 

The pharmaceutical compositions of use according to the invention may also be used in 
combination with other therapeutic agents, for example anti-inflammatory agents (such as 
corticosteroids (e.g. fluticasone propionate, beclomethasone dipropionate, mometasone furoate, 
25 triamcinolone acetonide or budesonide) or NSAIDs (e.g. sodium cromoglycate, nedocromil 
sodium, PDE-4 inhibitors, leukotriene antagonists, iNOS inhibitors, tryptase and elastase 
inhibitors, beta-2 integrin antagonists and adenosine 2a agonists) or other beta adrenergic agents 
(such as salbutamol, formoterol, fenoterol or terbutaline and salts thereof), antiinfective agents 
(e.g. antibiotics, antivirals) or anticholinergics, e.g., ipratropium (e.g. as bromide), tiotropium (e.g. 
30 as bromide), atropine or oxitropium. Combinations of salmeterol xinafoate with fluticasone 
propionate or ipratropium bromide are of particular interest 

Preferred formulations according to the invention are substantially free (e.g. contain less than 
0.0001%) of surfactants and other excipients such as co-solvents (e.g. ethanol). 

Preferably the formulation consists essentially of salmeterol xinafoate and the HFA propellant 
35 or salmeterol xinafoate in combination with fluticasone propionate and HFA propellant. Also of 
interest is a formulation which consists essentially of salmeterol xinafoate in combination with an 
anticholinergic (e.g. ipratropium such as the bromide) and the HFA propellant. 
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More preferably the pharmaceutical aerosol formulation consists (only) of particulate 
salmeterol xinafoate in suspension in a liquefied propellant gas which is 1,1,1,2,3,3,3- 
heptafluoro-n-propane or 1,1,1,2-tetrafluoroethane and mixtures thereof and a small amount of 
water to the extent that the formulation is not entirely anhydrous. 
5 The propellant is preferably 1,1,1,2,3,3,3-heptafluoro-n-propane (HFA227) or 1,1,1,2- 

tetrafluoroethane (HFA 134a). 1,1,1,2-Tetrafluoroethane is of particular interest. 1,1,1,2,3,3,3- 
Heptafluoro-n-propane (HFA227) is also of interest. The propellants used in manufacture of the 
formulations should be of a grade which is as anhydrous as possible, for example, with a water 
content of less than 50 ppm, particularly less than 30 ppm. 

10 The preferred concentration of salmeterol xinafoate in the formulation is 0.03-0.14% w/w, 

preferably 0.04-0.08% w/w, more preferably 0.05-0.07% w/w. For use with a metering valve of 
metering volume 63 nl a concentration of around 0.05% is suitable. 

Conventional bulk manufacturing methods and machinery well known to those skilled in the 
art of pharmaceutical aerosol manufacture may be employed for the preparation of large scale 

15 batches for the commercial production of filled canisters. Thus, for example, in one bulk 
manufacturing method a metering valve is crimped onto an aluminium canister to form an empty 
container. The medicament is added to a charge vessel and liquefied propellant (together with 
other dissolved components if present) is pressure filled through the charge vessel into a 
manufacturing vessel. An aliquot of the formulation is then filled through the metering valve into 

20 the container. 

In an alternative process, an aliquot of the liquefied formulation is added to an open canister 
under conditions which are sufficiently cold to ensure that the formulation does not vaporise, and 
then a metering valve is crimped onto the canister. 

Typically, in batches prepared for pharmaceutical use, each filled container is check-weighed, 
25 coded with a batch number and packed into a tray for storage before release testing. 

Each filled container is conveniently fitted into a suitable channelling device prior to use to 
form a metered dose inhaler for administration of the medicament into the lungs or nasal cavity of 
a patient. Suitable channelling devices comprise, for example a valve actuator and a cylindrical or 
cone-like passage through which medicament may be delivered from the filled canister via the 
30 metering valve to the nose or mouth of a patient e.g. a mouthpiece actuator. 

The arrangement of parts in a typical metered dose inhaler may be seen by reference to US 
Patent 5 261,538. 

In a typical arrangement the valve stem is seated in a nozzle block which has an orifice 
leading to an expansion chamber. The expansion chamber has an exit orifice which extends into 
35 the mouthpiece. Actuator (exit) orifice diameters in, for example, the range 0.2-0.65mm including 
0.5 and 0.6mm are generally suitable, more typically 0.2-0.45mm especially 0.22, 0.25, 0.30, 0.33 
or 0.42mm. 
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Metered dose inhalers are designed to deliver a fixed unit dosage of medicament per 
actuation or 'puff, for example, in the range of 10 to 5000 \ig medicament per puff. 

Administration of medicament may be indicated for the treatment of mild, moderate or severe 
acute or chronic symptoms or for prophylactic treatment. Treatment may be of asthma, chronic 
5 obstructive pulmonary disease (COPD) or other respiratory disorder. It will be appreciated that 
the precise dose administered will depend upon the age and condition of the patient, the quantity 
and frequency of administration will ultimately be at the discretion of the attendant physician. 
Typically, administration may be one or more times, for example from 1 to 8 times per day, giving 
for example 1 ,2,3 or 4 puffs each time. The preferred treatment regime is 2 puffs of 25ng/puff 
1 0 salmeterol (as the xinafoate), 2 times per day. 

MDIs comprising a container as described above fitted into a suitable channelling device and 
use thereof in the treatment of asthma or COPD also form aspects of the invention. 

In order to further protect thecontents of the container against moisture (especially during 
storage before first use) we have also found it convenient to provide a flexible package for 
1 5 wrapping and sealing said container, said flexible packaging being substantially impermeable to 
moisture; preferably impermeable to moisture and permeable to the propellant contained within 
the container. The wrapping preferably comprises a non-thermoplastic substrate (e.g. a metal foil 
such as aluminium foil) and a heat sealable layer disposed thereon, and an additional protective 
layer, such as a film of polyester. 
20 Desirably the flexible packaging also contains within it a moisture absorbing material, such as 

a desiccant. A sachet of silica gel is particularly suitable for this purpose. 

Further details of the flexible packaging will be apparent by reference to International Patent 
Application No. PCT/US99/27851 . 

An exemplary valve of use according to the invention is shown in Figure 1 and comprises a 
25 valve body 1 sealed in a ferrule 2 by means of crimping, the ferrule itself being set on the neck of 
a container (not shown) with interposition of a gasket seal (3) in a well-known manner. 

The valve body 1 is formed at its lower part with a metering chamber 4, and its upper part with 
a sampling chamber 5 which also acts as a housing for a return spring 6. The words "upper" and 
"lower" are used for the container when it is in a use orientation with the neck of the container and 
30 valve at the lower end of the container which corresponds to the orientation of the valve as shown 
in Figure 1. Inside the valve body 1 is disposed a valve stem 7, a part 8 of which extends outside 
the valve through lower stem seal 9 and ferrule 2. The stem part 8 is formed with an inner axial 
or longitudinal canal 10 opening at the outer end of the stem and in communication with a radial 
passage 11. 

35 The upper portion of stem 7 has a diameter such that it can slide through an opening in an 

upper stem seal 12 and will engage the periphery of that opening sufficiently to provide a seal. 
Upper stem seal 12 is held in position against a step 13 formed in the valve body 1 between the 
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said lower and upper parts by a sleeve 14 which defines the metering chamber 4 between lower 
stem seal 9 and upper stem seal 12. The valve stem 7 has a passage 15 which, when the stem 
is in the inoperative position shown, provides a communication between the metering chamber 4 
and sampling chamber 5, which itself communicates with the interior of the container via orifice 
5 26 formed in the side of the valve body 1 . 

Valve stem 7 is biased downwardly to the inoperative position by return spring 6 and is 
provided with a shoulder 17 which abuts against lower stem seal 9. In the inoperative position as 
shown in Figure 1 shoulder 17 abuts against lower stem seal 9 and radial passage 11 opens 
below lower stem seal 9 so that the metering chamber 4 is isolated from canal 10 and suspension 
10 inside cannot escape. 

A ring 18 having a "U" shaped cross section extending in a radial direction is disposed around 
the valve body below orifice 26 so as to form a trough 19 around the valve body. As seen in 
Figure 1 the ring is formed as a separate component having an inner annular contacting rim of a 
diameter suitable to provide a friction fit over the upper part of valve body 1, the ring seating 
15 against step 13 below the orifice 26. However, the ring 18 may alternatively be formed as an 
integrally moulded part of valve body 1. 

To use the device the container is first shaken to homogenise the suspension within the 
container. The user then depresses the valve stem 7 against the force of the spring 6. When the 
valve stem is depressed both ends of the passage 15 come to lie on the side of upper stem seal 
20 12 remote from the metering chamber 4. Thus a dose is metered within the metering chamber. 
Continued depression of the valve stem will move the radial passage 11 into the metering 
chamber 4 while the upper stem seal 12 seals against the valve stem body. Thus, the metered 
dose can exit through the radial passage 1 1 and the outlet canal 10. 

Releasing the valve stem causes it to return to the illustrated position under the force of the 
25 spring 6. The passage 15 then once again provides communication between the metering 
chamber 4 and sampling chamber 6. Accordingly, at this stage liquid passes 
under pressure from the container through orifice 26, through the passage 15 and thence into the 
metering chamber 4 to fill it 

Figure 2 shows a different view of a valve in which the gasket seal and lower and upper stem 
30 seals are labelled 3, 9 and 12 respectively. 

The invention will now be described further with reference the following Examples which serve 
to illustrate the invention but are not intended to be limiting. 
Examples 
Experimental 

35 All the valves for which data is presented below, unless otherwise stated, had valve 

seals which were constructed from nitrile rubber. Furthermore the metering chambers of the 
Valois valves were constructed from acetal and of the Bespak valves were constructed from PBT. 
A, Sensitivity of Salmeterol Xinafoate Aerosols to Moisture Content 
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In the experiments below canisters were stored in an inverted orientation. 
Valves all had 63 \i\ metering volume. Water content was measured ex-valve using Karl-Fischer 
methodology. The data shows the sensitivity of the formulations of salmeterol xinafoate to 
moisture, as measured by the decline in FPM. 
5 (i) control canisters 



Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA 134a were stored 
under various conditions of temperature and humidity and the moisture content measured, with 
results as follows: 





Initial 


1 month @ 40°C/85% 
RH 


3 months @ 
40°C/85% RH 


Water content/canister 


35ppm 


330ppm 


446ppm 



10 (il) control canisters containing desiccant 

Moisture content in ppm data for canisters coated with a polymer blend of PTFE and PES 
containing HFA 134a (i.e. a placebo formulation) and containing an acetal disc (as carrier for 
desiccant) was measured. Each canister was sealed by crimping a Valois valve in place wherein 
said valve did not incorporate a nylon ring (the ring 18 shown in figure 1). The acetal disc 
1 5 incorporated in each canister was loaded with no desiccant, 30% desiccant or 60% desiccant 
material. The desiccant used was a molecular sieve. Results are shown below. 
Table A 

MOISTURE CONTENT IN PPM OF HFA 134a WHEN STORED AT 40°C. 75%RH 





Initial 


1 wks 


2 wks 


4 wks 


30% desiccant/acetal 


20 


14 


22 


46 


60%dessicant/acetal 


9 


12 


19 


39 


No desiccant 


59 


192 


314 


600 



The results table shows that canisters containing HFA 134a incorporating a desiccant material 
20 have a lower initial moisture content and lower rate of moisture ingression than the control 
(conventional) canisters containing HFA134a not incorporating desiccant material when stored at 
40°C and 75% RH over a period of 4 weeks, 
(iii) canisters containing salmeterol xinafoate 

Aluminium canisters fitted with Valois D60 valve and containing 12g HFA 134a and 6.53mg 
25 salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
follows: 



30 
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30°C/60% RH 


40°C/75% RH 


Water content, 
ppm 


FPM, meg 


Water content, 
ppm 


FPM, meg 


Initial 


92 


10.3 


92 


10.3 


1 month 


Not Tested 


Not Tested 


412 


8.2 


3 months 


463 


7.9 


616 


6.2 



;iv) canisters containing salmeterol xinafoate 



Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
5 follows: 





40°C/75% RH 


25°C/60% RH 


25°C/75% RH 


Water 

content, 

ppm 


FPM, meg 


Water 

content, 

ppm 


FPM, meg 


Water 

content, 

ppm 


FPM, meg 


Initial 


81 


9.4 


81 


9.4 


81 


9.4 


1 month 


360 


7.8 


194 


8.4 


217 


8.4 


3 months 


540 


6.0 


405 


8.3 


434 


8.0 


6 months 


626 


6.2 


446 


7.5 • 


485 


7.2 



y) canisters containing salmeterol xinafoate 



Aluminium canisters fitted with Bespak valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
10 follows: 





40°C/75% RH 


Water content, ppm 


FPM, meg 


Initial 


118 


11.3 


3 months 


457 


7.0 


(vi) canisters conta 


nino salmeterol xinafoate 



Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
15 follows: 





40°C/75% RH 


Water content, ppm 


FPM, meg 


Initial 


213 


9.5 


3 months 


746 


6.7 
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(vii) canisters containing salmeterol xinafoate 

Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA134a and 6.53mg 
saimeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
5 follows: 





40°C/75% RH 


Water content, ppm 


FPM, meg 


Initial 


181 


9.6 


3 months 


668 


7.4 



From section A, experiments (i) to (vii) above it can be seen that MDIs with nitrile rubber seals 

fa 

stored in high humidity conditions are subject to moisture ingression, especially when stored at 

high temperatures. Moisture ingress can be controlled by use of desiccant Furthermore this 

increase in the moisture content of canisters containing salmeterol xinafoate can be linked to 
1 0 decrease in the FPM of the drug. 

B. Effect of Storage Conditions on Salmeterol Xinafoate Aerosols. 

Sample Preparation for Tables 1 to 3 

The MDIs for which data are presented in Tables 1 to 3 were prepared in aluminium canisters 

coated with a PTFE/PES polymer blend as described in WO96/32150 and sealed with a Bespak 
1 5 valve wherein all the valve seals were made from conventional nitrile rubber (as comparator) or 

EPDM polymer (according to the invention) and wherein the metering chamber was composed of 

PBT i.e. was conventional. 

Furthermore the said aluminium canisters contained a pharmaceutical aerosol formulation 

comprising 4.2mg of salmeterol as xinafoate and 12g of HFA 134a. Each device was stored at 
20 40°C and 75% relative humidity unless otherwise stated. 

Method for Determining Total Drug Content (TDC) in MDIs containing Salmeterol Xinafoate and 

HFA 134a 

Each MDIs canisters tested (before use) was cooled in a freezing mixture of dry ice and 
methanol for approximately 5 minutes, after which it was clamped and the valve assembly 
25 removed with a suitable tube cutter. The contents of the canister was quantitatively transferred 
into a receptacle(s) of known volume and the canister, valve and valve components quantitatively 
washed. The combined canister contents and associated washings were then assayed by HPLC 
and the TDC calculated. TDC values which are lower than predicted imply absorption of drug into 
valve components. 

30 Canister content is the weight of formulation contained in the canister calculated by mass 

difference. 

Method for Determining Dose and FPM 

Each MDI canister tested was put into a clean actuator and primed by firing 4 shots. Then 10 
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shots were fired Into an Andersen Cascade Impactor which was quantitatively washed and the 
amount of drug deposited thereon quantified by HPLC analysis of the washings. 

From this the dose delivered (the sum of the amount of drug deposited on the cascade 
impactor per actuation) and the FPM (the sum of drug deposited on stages 3, 4 and 5 per 
5 actuation) data were calculated. Values of FPM which are lower than expected imply one or 
more of the following: (i) absorption, (ii) deposition or (iii) particle growth. The dose delivered as 
quoted in Table 2 is the mean of 3 such determinations. The total dose includes all drug 
substance emitted ex-device as the mean of 3 determination. 

The mean dose delivered data as shown in Table 3 was obtained by inserting each of 10 MDI 
10 canisters into a clean actuator and priming by firing 4 shots. Then 2 actuations for each MDI 
were collected, assayed by HPLC and a value of the dose delivered per actuation calculated. 
The mean dose delivered is the mean of the 10 previously calculated dose delivered per 
actuation values. 
Table 1 

15 EFFECT OF STORAGE CONDITION ON TOTAL DRUG CONTENT (TDC) OF SALMETEROL 

XINAFOATE AEROSOLS 



Rubber 
Type 


Storage Time 
(months) 


Storage 
Condition 


Mean 
TDC (mg) 


Mean Can 
Content (g) 


NITRILE 


10 


40°C/75%RH 


3.6 


11.5 


NITRILE 


10 


40°/20%RH 


4.1 


11.5 


EPDM 


15 


40°C/75%RH 


4.0 


11.1 



NOTES: All results are the mean of 3 individual results & TDC at initial timepoint around 4.2mg 



Table 2 

20 EFFECT OF STORAGE CONDITION ON DOSE DELIVERED & FPM OF SALMETEROL 

XINAFOATE AEROSOLS (40°C. 75%RH) 





Dose Delivered frig) 


FPM fog) 


FPM as a % of Total 
Dose 


Rubber 
Type 


Initial 


6 

weeks 


6/7 
Months 


Initial 


6 

weeks 


6/7 
Months 


Initial 


6 

weeks 


6/7 
Months 


Nitrite 


18.5 


16.8 


13.4 


9.3 


7.2 


5.0 


41 


35 


28 


EPDM 


19.8 


18.7 


20.1 


11.2 


10.7 


10.5 


48 


48 


43 
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Table 3 

EFFECT OF STORAGE CONDITION ON MEAN DOSE DELIVERED & RANGE OF DOSE 
DELIVEREDFOR SALMETEROL XINAFOATE AEROSOLS (40°C. 75%RH) 





Mean Dose Delivered (\xg) 


Range of Dose Delivered (|ig) 


Rubber 
Type 


Initial 


6 weeks 


6/7 
Months 


Initial 


6 weeks 


6/7 Months 


Nitrite 


19.1 


16.8 


14.5 


17.1-20.7 


15.4-19.2 


12.8-16.1 


EPDM 


19.0 


19.1 


18.9 


17.0-19.7 


17.8-20.1 


18.1-19.6 



5 

On visual inspection it was observed that the drug substance obtained from the conventional 
MDIs stored at 40°C 20% RH (i.e. employing nitrile seals) and the samples stored at 40°C 75% 
RH with EPDM polymer seals had the same appearance and appeared unchanged from the 
initial timepoint. However the drug substance from conventional MDIs stores at 40°C 75% RH 
10 was distinctly crystalline in appearance indicating some dissolution and recrystallisation had 
occurred. 

Table 1 shows that TDC values obtained for MDIs wherein all the valve seals are prepared 
from EPDM polymer after storage at 40°C 75% RH for up to 15 months are comparable to the 
TDC valves obtained for conventional MDIs stored under the same conditions and conventional 

1 5 MDIs which have been stored at 40°C 20% RH. The TDC value obtained in the above cases do 
not differ significantly the value obtained at the initial timepoint. Although the conventional MDIs 
stored at 40°C 75% RH seemed to show a small decrease from the value obtained at the initial 
timepoint The corresponding conventional MDIs stored at 40°C 75% RH have a significantly 
lower TDC valve than the initial timepoint. 

20 Table 2 shows the dose delivered by the conventional MDI (control) is reduced on storage at 

40°C 75% RH. The trend is very evident by the 6/7 month timepoint The trend is not observed 
in MDIs wherein all the gaskets are prepared from EPDM polymer. 

The FPM data for the conventional MDI (i.e. employing nitrile seals) shows a significant 
decrease after storage at 40°C 75% RH. This trend is reduced noticeably in addition to the initial 

25 timepoint value being higher in the MDI where all the valve seals are prepared from EPDM 
polymer. 

From the Tables it may be concluded that use of EPDM polymer gasket seal (can seal) and 
lower and upper stem seals in an MDI containing a pharmaceutical aerosol formulation of 
particulate salmeterol xinafoate suspended in liquefied HFA 134a as propellant results in a 
30 formulation with improved stability, when compared to similar formulations in conventional MDIs, 
especially when stored in high temperature and high humidity conditions. 
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C. Examples of Salmeterol Xinafoate Aerosol Containers 
Example 1 

A conventional aluminium MDI canister (Presspart, USA) is filled with 6.53mg of salmeterol 
xinafoate and 500mg bead of zeolite. A Valois DF60 valve (stainless steel valve stem; acetal 
5 metering chamber, 63 y\ volume; white buna rubber seals) is crimped on and 12g of anhydrous 
(<50ppm) HFA134a filled through the valve. 
Example 2 

The filled container of Example 1 is prepared, save that a strengthened aluminium canister 
with ellipsoidal base coated on its internal surface with a polymer blend of PES and PTFE is 
1 0 used. 

Example 3 

The filled container of Example 2 is prepared, save that a coating of FEP is used. 
Examples 4-6 

The filled containers of Examples 1-3 are prepared, save that the gasket seal is not white 
15 buna rubber but is EPDM. 
Example 7 to 12 

The filled containers of Examples 1 to 6 are prepared, save that the metering chamber is 
fluorinated. 
Example 13 to 24 

20 The filled containers of Examples 1 to 12 are prepared, save that the metering chamber is 

nylon and not acetal. 
Example 25 

A strengthened aluminium canister with ellipsoidal base (Presspart, USA) coated on its 
internal surface with a polymer blend of PES and PTFE is filled with 6.53mg of salmeterol 
25 xinafoate. A Valois DF60 valve (stainless steel valve stem; nylon metering chamber, 63^il 
volume; white buna rubber seals) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled 
through the valve. 
Example 26 

A strengthened aluminium canister with ellipsoidal base . (Presspart, USA) coated on its 
30 internal surface with a polymer blend of PES and PTFE is filled with 6.53mg of salmeterol 
xinafoate and 250mg bead of zeolite. A Spraymiser all-metal (stainless steel) valve (EPDM 
rubber seals) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled through the valve. 
Example 27 

A strengthened aluminium canister with ellipsoidal base (Presspart, USA) coated on its 
35 internal surface with a polymer blend of PES and PTFE is filled with 6.53 mg of salmeterol 
xinafoate and 1g bead of zeolite. A Spraymiser all-metal (stainless steel) valve (EPDM rubber 
seals) (3M) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled through the valve. 



WO 01/89616 



PCT/GB01/02256 



21 

Example 28 

A strengthened aluminium canister with ellipsoidal base (Presspart, USA) coated on its 
internal surface with a polymer blend of PES and PTFE is filled with 6.53 mg of salmeterol 
xinafoate and 5 250mg tablets of compressed alumina. A Spraymiser all-metal (stainless steel) 
5 valve (EPDM rubber seals) (3M) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled 
through the valve. 

Throughout the specification and the claims which follow, unless the context requires 
otherwise, the word 'comprise*, and variations such as 'comprises' and 'comprising', will be 
understood to imply the inclusion of a stated integer or step or group of integers but not to the 
1 0 exclusion of any other integer or step or group of integers or steps. 

The contents of above mentioned patents and patent applications are hereinbefore 
incorporated by reference. 
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. Claims 

1. A container sealed with a valve, which contains a pharmaceutical aerosol formulation 
comprising 

(A) particulate salmeterol xinafoate in suspension in 
5 (B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 

tetrafluoroethane and mixtures thereof; 
said container characterised in that the formulation is substantially anhydrous and remains so over 
a period of 12 months when stored at 25°C and at relative humidity of 60%. 

2. A container sealed with a valve which contains a pharmaceutical aerosol formulation 
1 0 consisting essentially of 

(A) particulate salmeterol xinafoate optionally in combination with another particulate active 
ingredient as medicament in suspension in 

(B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 
tetrafluoroethane and mixtures thereof; 

15 said container characterised in that the formulation is substantially anhydrous and remains so 
over a period of 12 months when stored at 25°C and at relative humidity of 60%. 

3. A container according to claim 1 or claim 2 wherein the water content of the formulation is 
less than 200ppm and remains so over a period of 12 months when stored at 25°C and at 
relative humidity of 60%. 

20 4. A container according to claim 3 wherein the water content of the formulation is less than 
100ppm and remains so over a period of 18 months when stored at 25°C and at relative 
humidity of 60%. 

5. A container according to any one of claims 1 to 4 wherein the FPM of the formulation does 
not reduce by more than 15% over a period of 12 months when stored at 26°C and at relative 

25 humidity of 60%. 

6. A container according to any one of claims 1 to 5 which comprises a metal canister. 

7. A container, sealed with a valve which contains a pharmaceutical aerosol formulation 
comprising 

(A) particulate salmeterol xinafoate in suspension in 
30 (B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 

tetrafluoroethane and mixtures thereof; 
said container sealed with a valve further comprising moisture absorbing means. 

8. A container according to claim 7 wherein the moisture absorbing means comprises a 
desiccant material. 

35 9. A container according to claims 7 or claim 8 wherein the desiccant is contained within the 
can. 
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10. A container according to claim 8 or claim 9 wherein the desiccant is selected from the list 
consisting of zeolites, alumina, bauxite, anhydrous calcium sulphate, water absorbing clay, 
activated bentonite clay and a molecular sieve. 

1 1 . A container according to any one of claims 1 and 3 to 1 0 sealed with a valve which contains 
5 a pharmaceutical aerosol formulation comprising 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellant gas which is 1,1,1,2,3,3,3-heptafiuoro-n-propane or 1,1,1,2- 
tetrafluoroethane and mixtures thereof; 

characterised in that the container or valve is partially or wholly manufactured of or 
10 incorporates a desiccant material. 

12. A container according to claim 1 1 wherein the desiccant is incorporated within the valve. 

13. A container according to claim 12 wherein the valve is a metering valve comprising a valve 
body which defines a metering chamber and the desiccant is incorporated within the 
metering chamber of the valve. 

15 14. A container according to any one of claims 11 to 13 wherein the valve comprises one or 

more valve seals and the desiccant is incorporated within a valve seal. 
15. A container according to any one of claims 1 to 14 wherein the valve is characterised in that 

it contains one or more valve seals substantially constructed from a polymer of ethylene 

propylene diene monomer (EPDM). 
20 16. A container according to any one of claims 1 to 15 wherein the valve is sealed to the canister 

by means of a gasket seal which is substantially constructed from a polymer of EPDM. 

17. A container according any one of claims 1 to 16 wherein the metering valve comprising a 
valve body which defines a metering chamber having an upper and a lower stem seal and a 
stem, characterised in that said two stem seals are substantially constructed from a polymer 

25 of EPDM. 

18. A container according to any one of claims 6 to 17 characterised in that the formulation is 
substantially anhydrous and remain so over a period of 12 months or more. 

19. A container comprising a canister sealed with a valve which contains a pharmaceutical 
aerosol formulation consisting essentially of 

30 (A) particulate salmeterol xinafoate optionally in combination with another particulate active 

ingredient as medicament suspended in 
(B) a liquefied propellant gas comprising 1,1,1,2,3,3,3-heptafluoro-n-propane, 1,1,1,2- * 
tetrafluoroethane and mixtures thereof; 
wherein the formulation is substantially free of surfactant and components having polarity 
35 higher than the liquefied propellant gas; and 

said valve is characterised in that it contains one or more valve seals substantially 
constructed from a polymer of EPDM. 



« 
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20. A container as claimed in claim 19 wherein the valve is sealed to the canister by means of a 
gasket seal which is substantially constructed from a polymer of EPDM. 

21. A container according to claim 19 or claim 20 wherein the metering valve comprising a valve 
body which defines a metering chamber having an upper and a lower stem seal and 
characterised in that said two stem seals are substantially constructed from a polymer of 
EPDM. 

22. A container according to any one of claims 1 to 21 wherein the formulation contains 
salmeterol xinafoate as the sole medicament. 

23. A container according to any one of claims 1 to 22 wherein the formulation consists 
essentially <of salmeterol xinafoate and 1,1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 
tetrafluoroethane and mixtures thereof. 

24. A container according to any one of claims 1 to 23 wherein the liquefied propellant gas in the 
formulation is 1,1,1 ,2-tetrafluoroethane. 

25. A container according to anyone of claims 1 to 21 and 24 wherein the formulation consists 
essentially of salmeterol xinafoate in combination with fluticasone propionate and 1,1,1,2- 
tetrafluoroethane. 

26. A container according to any one of claims 1 to 25 wherein the concentration of salmeterol 
xinafoate in the formulation is 0.03-0.14% w/to. 

27. A container according to any one of claims 1 to 26 wherein the canister is surface treated so 
as to present a substantially fluorinated surface to the formulation contained therein. 

28. A container according to claim 27 wherein the canister is treated by coating it with a 
fluorocarbon polymer optionally in combination with a non-f luorocarbon polymer. 

29. A container according to claim 28 wherein the polymer coating is a blend of PTFE and PES. 

30. A container according to any one of claims 1 to 29 wherein the materials of manufacture of 
the metering chamber and/or the valve stem are fluorinated, partially fluorinated or 
impregnated with fluorine containing substances. 

31. A metered dose inhaler comprising a container according to any one of claims 1 to 30 fitted 
into a suitable channelling device. 

32. A method of treating asthma or COPD which comprises use of a metered dose inhaler 
according to claim 31. 

33. A product comprising a flexible package for wrapping and sealing a container, said flexible 
packaging being substantially impermeable to moisture having contained within it a container 
according to any one of claims 1 to 30 or a metered dose inhaler according to claim 31. 

34. A product comprising a flexible package for wrapping and sealing a container, said flexible 
packaging being impermeable to moisture and permeable to propellant contained within the 
container, having contained within it a container according to any one of claims 1 to 30 or a 
metered dose inhaler according to claim 31 . 



WO 01/89616 



PCT/GB01/02256 



25 

35. A product according to claim 33 or claim 34 wherein the flexible packaging also contains 
within it a moisture absorbing material. 

36. A product according to claim 35 wherein the moisture absorbing material is a sachet of silica 
gel. 

5 37. A method of reducing drug deposition and/or adsorption onto valve components, in a 
container sealed with a valve containing a pharmaceutical aerosol formulation consisting 
essentially of particulate safmeterol xinafoate and a liquid propellant which is HFA 134a, HFA 
227 or mixtures thereof, which comprises use of at least one valve seal substantially 
constructed from a polymer of EPDM. 



WO 01/89616 



PCT/GB01/02256 



1/2 




FIG. 1. 



WO 01/89616 PCT/GB01/02256 



2/2 




FIG. 2. 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



rational Application No 

ruf/GB 01/02256 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61M15/00 B65D83/14 



B65D81/26 



Acoordng to International Patent Classification (IPC) or to both naltona) classfflcation and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61M B65D A61K 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fiekfe searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 



Citation of document, with Incficallon, where appropriate, of the relevant passages 



Relevant to claim No. 



x,p 



WO 00 37336 A (GARRILL KARL ANDREW ; GLAXO 

GROUP LTD (GB); WALKER RICHARD IAN (GB)) 

29 Oune 2000 (2000-06-29) 

cited 1n the application 

page 8, line 14 -page 9, line 25 

page 12, Hne 5 - line 23; claims 

WO 95 02651 A (MINNESOTA MINING & MFG) 

26 January 1995 (1995-01-26) 

cited in the application 

page 11, line 19 - line 27; claims 15,19 

EP 0 990 437 A (GLAXO GROUP LTD) 
5 April 2000 (2000-04-05) 
paragraphs '0006! , '0009! , *0012! , '0015! 

-/- 



1-8,10, 
18, 

22-31 , 
33-36 



1-6, 

15-26,37 



19 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

'A* document defining the general state of the art which is not 
considered to be of particular relevance 

eartier document but published on or after the International 
filing date 

■L" document which may throw doubts on priority daim(s)or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

■O* document referring to an oral disclosure, use, exhibaion or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



■T" later document published after the International filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when tho document Is taken alone 

■Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person sWBed 
In the art. 

document member of the same patent family 



Date of the actual completion of the international search 



19 September 2001 



Date of mailing of the International search report 



26/09/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patenttaan 2 
NL-2280HVRilswIjk 
Tel. (+31-70) 340-2040, fx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Vnieneuve, J-M 



Form PCT/ISA/21 0 (second sheei) (July 1992) 



page^l- of r '2~ - 



INTERNATIONAL SEARCH REPORT 


national Application No 

PCT/GB 01/02256 


C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WO 96 32150 A (GLAXO WELLCOME INC ;ASHURST 
IAN C (US); HERMAN CRAIG S (US); LI LI) 
17 October 1996 (1996-10-17) 
cited 1n the application 







Foctd PCT/1SA/210 (continuation of second shoot) {July 1992) 



page- 2 of 2- * 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited In search report 



Publication 
date 



latlonal Application No 

PUf/GB 01/02256 



Patent family 
member(s) 



Publication 
date 



HC 

US 


Al 1 flOCQ A 

oliyobo A 


1 Q— OQ—9000 


US 


A17011Q R1 

oi/yiio Di 


9O-01— 900,1 


All 

AU 




1 9—07—9000 


ma 


OAA1 0007 A 

zuuizyy/ a 


1 C— OQ-9001 
ID Uo cl/Ul 


WO 


AA1710A A1 

U03/33O Ml 


9Q-0A— 9000 


AU 


680530 B2 


31-07-1997 


AU 


7395694 A 


13-02-1995 


DE 


AAOOO£A 111 

94ZZ364 Ul 


i a no 9000 

14 uy-^uuu 


DE 


o94izozo Ul 


9/1— OQ— 1QQQ 


DE 


£AA10£0£ TO 

59412oZo IZ 


9Q— 01 — 1 QQO 

co ui -iyyy 


EP 


A7AOOAC A1 

0/0oo0b Al 


Al — OC— 1 QGA 

ui uo— iyyo 


re 

ES 


Oil AOI A TO 

2119Z19 13 


HI 10 1QQQ 

ui iu iyyo 


ID 
JP 


ACAAOnfk T 

ybUUoUU 1 


1 A _fl 1—1 0Q7 

14— ui— iyy/ 


t IA 

WO 


ACAOAC1 Al 

9502651 Al 


or Al 1 QQC 

^o-ui— iyyo 


us 


COICOAA A 

booozyy a 


1 7—1 1 -1 QQQ 

i7 ii iyy<5 


CD 

Er 


lOODoZo Al 


1 O— 01 —9001 
1U" Ul— £UU1 


r d 

Er 


AAAAA07 Al 

099043/ Al 


nc— O/i— 9000 
Uo U4 £UUU 


P D 

Er 


A7CCOCO AO 

0/bOoDo AZ 


OK— 09— 1 007 

uo-u^-iyy/ 


A 1 1 

AU 


£COAAil DO 

663904 dZ 


OA— 1 0—1 QGC 

iu— iyyo 


ai i 

AU 


OAOCAAO A 

oUobOyZ A 


1 Q_ H7— 1 QQO 

iy— u/— iyyo 


D/* 

BG 


A01 1 Q Dl 

oziiy bi 


11 — 01— 1 QQQ 

oi-uo iyyy 


Dl* 

BG 


AOOAO A 

9ooU3 A 


OQ— 09— 1 QQC 

£o-U£— iyyo 


DE 


69ZZ46b6 Ul 


OO— 04— 1QQQ 

uy uh iyyo 


nr 

DE 


cnoo/iccc to 

o9ZZ4obo IZ 


91— 07— 1QQQ 

to— u/— iyyo 


|\|/ 

DK 


r irrno TO 

olobZ3 13 


OQ— 00— 1 QQQ 

^o-uy iyyo 


r d 

Er 


AA1ACOO Al 

UolobZo Al 


9Q— 00— 1 QQ/I 

cx> uy — iyy*i 


HK 


1 AAAH 1 A 1 

1004/11 Al 


9Q— 07— 900O 
to— U/— £UUU 


ID 

OP 


OA OA OA A DO 

30Z684U bZ 


97—07—9000 
£/-U,5-£UUU 


ID 

JP 


7CAOAOO T 

/bOZ033 1 


no_ AO— 1QQC 


MA 

NO 


A A Ol OC A 

94Zlob A 


1 fl— OA— 1 OQ/1 

iu uo iyy*j 


MA 

NO 


OAAA1 017 A 

ZOUU1ZZ/ A 


1 0— OA— 1QQ/1 

iu uo— lyy** 


Dl 1 


0 1 OA A o a r 1 

Z1Z94Z4 LI 


97—0/1—1 QQO 

^7— U4— iyyy 


CI/ 

SK 


A7AAA AO 

0/494 A3 


OQ— 01— 1 QQC 

uo u 5 —iyyo 


US 


GniQC A~7 Dl 

6Z3864/ di 


9Q_ AC— 0OO1 

^y-ub-^uui 


1 1 c 

us 


b6744/Z A 


07—1 0—1 007 

u/ iu iyy / 


IIC 

us 


COC1 OCO Dl 


9A— OA— 9001 
£0— UO— cUUl 


A D 

AP 


A AO A 

40Z A 


99— OQ— 1 OOC 

Cc. uo iyyo 


AT 

AT 


1 COCOA T 

163539 T 


1 C— no_ 1 QQQ 

lo— iyyo 


AT 

AT 


O A1 C07 T 

Z01b87 T 


1 C— OA— 9001 


DA 

BG 


1 nO£OA A 

10Z689 A 


9A— 09— 1 QQO 

co~u£~iyyy 


CA 


Ol OC£C7 A 1 

Z1Z5667 Al 


9/— OA— 1 OQ1 

*.4-uo— iyyo 


cz 


A A Al A OA AO 

9401430 A3 


1 C 01—1 QQC 

io— u«5— iyyo 


DE 


cn0910C7 Al 

09231857 Dl 


OC— 07— 9001 
U0— U/ £UU1 


1 IA 

WO 


AOI A 1 

9311743 Al 


9A OA 1 QQQ 

Z4-uo~iyy3 


PC 

ES 


O 1 1 O A A A TO 

Z113444 T3 


Ol — OC— 1 QQQ 

ui-uo— iyyo 


in i 
HU 


67534 A<: 


9Q fM— 1 OOC 

£o-U4— iyyo 


HU 


9500331 A3 


28-09-1995 


IL 


104068 A 


30-10-1998 


JP 


11310533 A 


09-11-1999 


MX 


9207205 Al 


01-11-1993 


NZ 


246044 A 


26-01-1996 


OA 


9926 A 


15-09-1994 


se 


74042 Al 


18-07-2000 


us 


5674471 A 


07-10-1997 


us 


5676929 A 


14-10-1997 


us 


5658549 A 


19-08-1997 



WO 0037336 



29-06-2000 



WO 9502651 



26-01-1995 



EP 0990437 



05-04-2000 



Form PCT71SA/210 (paten) family annex) (July 1992) 



page-1- of 2- 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



atlonal Application No 

ru'/GB 01/02256 



Patent family 
member(s) 



Publication 
data 



EP 0990437 



US 
US 
ZA 
AT 
AU 
AU 



5683676 A 
5653962 A 
9209617 A 
171865 T 
663905 B2 
30851 A 



WO 9632150 



17-10-1996 



04- 11-1997 

05- 08-1997 
22-03-1994 
15-10-1998 
26-10-1995 



rvu 


718263 


B2 


i 3-04-2000 


AU 


5481196 


A 


30-10-1996 


BG 


102022 


A 


31-07-1998 


BR 


9604977 


A 


09-06-1998 


CA 


2217954 


Al 


17-10-1996 


CN 


1186447 


A 


01-07-1998 


CZ 


9703260 


A3 


18-02-1998 


EE 


9700374 


A 


15-06-1998 


EP 


0820323 


Al 


28-01-1998 


HU 


9802391 


A2 


01-02-1999 


JP 


11509434 


T 


24-08-1999 


NO 


974736 


A 


11-12-1997 


NZ 


306280 


A 


29-07-1999 


PL 


322771 


Al 


16-02-1998 


SK 


138997 


A3 


08-04-1998 


TR 


9701169 


Tl 


21-03-1998 


U0 


9632150 


Al 


17-10-1996 


US 


6143277 


A 


07-11-2000 



Form PCT/ISA/21 0 (patent family annex) {July 1 092) 



page 2 of 2 



